In addition to its original function, FoodLog can be applied to a diverse range of applications. We describe an example of FoodLog being used to generate donations that fund school lunches for impoverished children in Abstract We have been developing FoodLog, a multimedia system that enables users to maintain a record of their food intake simply by taking photos of their meals. In this paper, we describe the functions and various applications of FoodLog, rather than its technical details. FoodLog is beneficial not only for monitoring food intake but also for several other purposes. During the research and development of FoodLog and in collaboration with a nonprofit organization, we employed it to generate donations for children in African countries. We also outline some extensions to FoodLog that are currently under development.
Introduction
Obesity is a growing health concern in many parts of the world 1) and dietary control has received considerable attention in the healthcare field. However, most dietary control programs require users to manually record detailed information on all meals. This is a tedious task for an ordinary person, which can be a deterrent to taking part in such programs.
With the widespread use of digital cameras and smartphones, people now have easy access to a camera during most of their daily activities. They can therefore use photographs of their meals as a record of dietary intake. In addition, images contain much richer information about the meals than textual or tabular descriptions. A recent study showed that merely taking a photo of a meal before eating it could encourage weight loss 2)
. Therefore, images are highly promising candidates for the rapid and easy recording of dietary information.
However, although important, ease of recording dietary information is not always sufficient for effective dietary management. A participant in a dietary program regularly meets a consultant, who analyzes the collected data and gives recommendations based on them. If this step were made more frequent, but at the same time less costly and time-consuming, the results would be greatly improved.
In the light of these observations, we proposed and In this paper, we first describe the state of food record keeping, which usually involves paper-based forms issued by healthcare services. We then present FoodLog, an application that allows users to keep photo-based visual records of their meals, thereby creating and maintaining a food log. We also describe works related to food-related information processing. FoodLog was originally a web-based application that has since been applied to several smartphone applications (apps), which we describe. We also introduce our recent work on extensions to FoodLog. Our aim in this paper is to outline FoodLog and its applications, rather than to discuss its technical details. However, even when using one of these apps, users must rely on their memory to record what they ate, which is not significantly different from the older paperbased method. Typically, we find that the software available on the Internet will not ultimately save users much effort. In fact, it takes additional time simply to learn how to enter data into the app.
Multimedia Technology for Food Records
Some work has been aimed at photo-based food recording. Given the widespread use of mobile devices such as digital cameras and smartphones, these devices can now be considered as data collection tools for dietitians 6)7) . Images contain richer information than text descriptions. As a result, people have started to use images of their meals to record their daily food intakes.
A third party, such as a dietitian, can then evaluate the food content and give appropriate advice 8)9) . However, such a semi-automatic approach still requires a third party; research into new technology has therefore started, with the aim of analyzing food images via image processing.
There have been some studies of image processing approaches to the analysis of food images. In Kitamura et al.
3)
, we presented our previous system for detecting food images and estimating the food balance by categorizing food into grains, vegetables, meat/fish/beans, fruit, and dairy products 17) . Miyazaki et al. 15) proposed calorie-content estimation based on low-level image features, whereby a food photo is visually searched using the low level features in a food photo dataset which has app. 7000
food images with their calorie content values. The higher-ranked food results in the visual search are used with a regression method to make the estimation.
Most previous work on the image processing of food images has focused on the recognition of food items or menus. Joutou et al. 10) investigated the recognition of the menu associated with a food image from among 50 selected menus. Zhu et al. 11) estimated the amount of food that a person had eaten, using photos of the food and the plate both before and after the meal. Wu et al. 12) estimated the calorie content of a limited set of fast-food menus. Yang et al. 13) proposed a method for identifying fast-food items, using pairs of pixels and their local features. Bosch et al. 14) evaluated various global and local features of images for food identification; in their work, however, the number of menus and sets of food items are very limited.
The use of image-processing systems such as TADA 6)11) and NIMS 15) has been proposed, but they remain experimental systems that are not generally available. To date, FoodLog has been the only system open to public use.
FoodLog: An Easy Way to Record and Archive What We Eat
To make it easy to keep a record of one' s meals using photos, we developed the FoodLog web-based system 3) 4) .
It enables users to create a food log simply by taking a photo of what they are eating on their mobile or smartphone and uploading the photo. The user has only to take the photo. In addition to displaying the uploaded photos, FoodLog incorporates an image-processing engine that analyzes the photos to generate information about the food shown. FoodLog is the world' s only food log website available to everyone that offers these image processing functions.
Functions of the FoodLog Website
The following is an overview of the six main functions currently offered by the FoodLog website (see Fig. 1 ).
(1) FoodLog makes recording meals as simple as possible.
A user takes a photo of a meal with a digital camera, mobile phone, or smartphone and uploads the photo. Because the analysis offered by the image-processing function may not be 100% accurate, the software lets users correct the results as necessary.
(5) Users can label tags for search.
A user can add a description of a meal (such as the name of the dish) and then later conduct a search using these keywords. so that dietitians can add their comments and suggestions as feedback to the clients.
The FoodLog System
Starting from the original FoodLog website, the system is growing to enable the customization of FoodLog functions to become easier. The current view of the entire system is shown in Fig. 3 .
As shown in In addition, the rich user interface of smartphones such as the iPhone has been exploited for FoodLog. The user interaction on a smartphone has much higher usability than that available via a personal computer.
The apps can exploit the additional data provided by the user interaction. Furthermore, the smartphone itself has adequate computation power, enabling the smartphone to reduce the computational load on servers. By January 2013, four different smartphone apps that include FoodLog functions had been launched. One of these apps is described in the following section.
FoodLog Applied to Social Contributions
FoodLog becomes more useful the longer the period it is used, because the analysis is more valuable when based on long-term records. However, maintaining the log is not easy. Consistently entering information over long periods is a major challenge for any life log system.
Not only is this problem technical, but it also affects the purposes and value of the log data. FoodLog was aimed originally at users wanting to capture and archive their daily food intake, with the primary purpose being to improve health. However, the aim has been expanded and FoodLog can be used for a range of purposes. A simple example is a system for recommending foods or restaurants, which will be beneficial for users in FoodLog community.
FoodLog: Turning a Photo of Healthy Food into a Donation
We now present an example of creating new value for
FoodLog through a joint project with a nonprofit organization called Table for An overview of the system is presented in Fig. 4 and an example of its appearance on screen is shown in Fig. 5 . Its main features are as follows.
(1) The TFT app runs on a smartphone. The user can simply take a photo and upload it via the smartphone.
(2) As one of its basic functions, the app creates a food 217 Invited Paper » Multimedia FoodLog: Diverse Applications from Self-Monitoring to Social Contributions The contributions of the companies that make donations are also twofold: they not only support food for the children overseas, but also promote healthy eating at home.
Further Extensions
FoodLog, as a photo-based food record, helps users to monitor their diet. In its current state, it also provides functions such as classifying meals into five food categories and an estimation of energy (calories), although this may not always be accurate. However, content analysis of food images is yet to be explored fully. FoodLog will be much more beneficial if semantic tags such as the names of food items and menus can be added easily to the data. We can already tag the data in the FoodLog website, but it is not easy to attach names to all food items manually.
Extensions aiming to enable food tagging are currently under development. By the time this paper is published, this prototype will be available to the public. After being used by a number of people, FoodLog will bring the images and their semantic information together. With a large amount of such data becoming available, various applications will become feasible, such as advertisements, analyses of personal dietary tendencies, and recommendation systems.
Conclusion
In this paper, we described our experience with multimedia FoodLog and its development, rather than discussing technical details. FoodLog is a specific application, but it is possible to generate new applications from the existing logs. For the multimedia FoodLog introduced in this paper, the value for users lies in personal enjoyment, in managing their health, or in making a social contribution, depending on how they choose to use it. Being able to generate such additional applications may be a key factor in encouraging users to change their lifestyles.
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